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I. INTRODUCTION

The photo-initiated atomic iodine laser was discovered in 1964, when Kasper

and Pimentel (Ref. 1) observed stimulated emission at X = 1.315 um, following

flash photolysis of either CF31 or CH31. Lasing occurs via the following

schemes:

Ch I + hv CX3 + I(2p 12 ,2, X :H, F (1)

P/ I( 2 p3 2)+ hvO, (QX0 = 1.315 lm) (2)

Reference 2 describes iodine laser physics and applications and provides

an extensive bibliography. More recent studies (e.g., Ref. 3) have focused on

laser fusion applications requiring high beam quality and intense mode-locked

or Q-switched pulses. 
9

This report describes a pulsed CF3I laser using a Z-pinch coaxial xenon

flash lamp. Z-pinch flash lamps are well known, but have not been applied to

the iodine laser. Figure 1 is a photograph of the iodine laser shown schemati-

cally in Figure 2. There are several advantages in operating the outer cylinder

in the Z-pinch mode. Pulse compression is achieved as the electrical discharge

energy is converted into the dynamic energy of the pinch. As the xenon is

crushed in an annulus around the inner tube, ultraviolet (UV) radiation is

extracted in a time short compared to the electrical time constant. Figure 3
shows two heavily filtered open-shutter photographs of the enhanced light out-

put in the annulus immediately surrounding the inner tube. Another advantage

of the pinch is that for a given capacitor bank voltage and energy, the current

density is greatly Increased, thus producing a greater flux of UV pump energy.

1. Kasper, J. V. and Pimentel, G. C., Applied Physics Letters 5, 231, 1964.

2. Hohla, K. and Kompa, K., *The Photochemical Iodine Laser," Handbook of
Chemical Lasers, ed. R. Gross and J. Bott, John Wiley S Sons, 1976.

L 3. Palmer, R. E., Padrick, T. D. and Palmer, M. A., Opt. and Ouantum Elec.
11, pp. 61-70, 1979.
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The increased current density also excites additional xenon line radiation in

the pump band of the CF3 1 molecule. A further advantage of the geometry in

Figure 2 is the close coupling of the pump radiation to the laser cavity.
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II. THE EXPERIMENT

In the first phase of the experiment, a 174-UF capacitor bank was charged

to typically 15 kV, yielding a maximum available bank energy of 20 kJ. The bank

was triggered by four ignitrons connected in parallel. Current return was pro-

vided by the brass rods external to the laser shown in Figure 1. This coaxial

return path inhibited magnetic nonuniformities which would destabilize the

plasma pinch. Additional ignitrons were used as crowbars to prevent oscillation

of the bank. In the second phase of the experiment, a 4320-uF bank was charged

to typically 6 kV, producing 77 kj of available energy. Unless otherwise

stated, all results discussed are with respect to the larger bank.

The resonator consisted of two flat 7.5-cm mirrors, coated for 99.9 percent

and 50 percent reflectivity at 1.315 In. A Rogowski coil was used to monitor

the discharge current. A voltage divider was connected between high voltage

and ground to monitor the transient voltage. It consisted of ten 10-k0 resistors

in series with a 50-0 current transformer. A visible photodiode monitored the

lafp output and a germanium diode was placed opposite the angled quartz cavity

windows to monitor the laser output. Laser energy was measured using a

Scientech Model 540 calorimeter.

The time-resolved diagnostics can be interpreted via a simple model of the

dynamic pinch. In the so-called "snow-plow" model (Ref. 4), we assume a zero

rise time for the applied voltage, a perfectly conducting plasma, and a negli-

gible plasma kinetic pressure inside the current shell during the compression.

The current will then be constrained to flow in a thin shell with a solely

external field, Be , producing inward radial acceleration.

The magnetic field outside the current shell is given by

B = -. I(3)

2wr

4. rll , rd173Trivelpiece, A., Principles of Plasma Physics, pp. 123-128,
1 973.

...... 6.
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The total shell mass per unit length is

M a . pm(t - O)1(a 2 - R2) (4)

where R is the radius of the shell at time t, and a is the location at t = 0,

which Is 6.21 cm. The fluid velocity is

V =dR (5)
dt

and from the momentum equation

Sd Pm(R ) dR =, 4_v JzBe (6)

t dt'

The volume of the current shell is 2irRIAR, so pm(R) M/vol and JZ= I/(2irRAR).

The equation of motion for the shell becomes

d dR IB (7)-(M)T-

We can transform to dimensionless variables to give the snow-plow model equation

of motion, assuming a linear current rise

!2
d [(,_X2)X dT 

(8).... dr~ (8)

d].

: dTL x

* where

x =radius
a initial radius

T t time
t1  time scale for compression

*ti a rdt j_ 1/ 21401/ 4t (di j/[ 7

I .... . .. . .... ..

i
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and

Mo = aPm = total mass of gas per unit length of plasma at beginning

of compression

With initial conditions of x(O) = 1 and (dx/dT)o = 0, Equation 8 can be

integrated numerically, with the result shown in Figure 4.

S1.0
2

Ca

. .0.5
LU

-,J

2C 0
0.5 1.0 1.5 2.0

NORMALIZED TIMEr

Figure 4. Z-pinch normalized radius versus time.

Representative experimental results are shown in Figure 5. The snow-plow

model predicts a collapse time about half that of the experiment. The pre-

dicted collapse time is taken from Figure 4 by rtading the normalized time, T,

at the point on the curve corresponding to the radius of the inner tube, since

the pinch terminates at the inner tube radius of 2.86 cm. The longer experi-

mental collapse time results from a nonlinear current rise, a finite plasma

kinetic pressure, and any nonuniformitles in the discharge.

A typical laser burn pattern is shown in Figure 6. The associated diagnos-

tic monitor outputs are shown in Figure 7. The burn exhibits an interference

pattern due to the slight wedge on the 50 percent output mirror. Since the

mirror does not have an antireflection coating on the second surface, a standing

wave is built up between the two surfaces and thus produces the interference.

The gain of the laser is sufficiently high that lasing also occurs without the

coated optics. Figure 8 shows two burn patterns, with and without resonator

optics.

8
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Figure 6. Laser burn pattern.
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Figure 7. Diagnostic traces for the shot of Figure 6: Curve 1 -voltage
2 - current; 3 - visible light; 4 -laser pulse.
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The greatest laser energy achieved was 30.1 J at a bank voltage of 6 kV and

a xenon pressure of 800 Pa. An interesting case was observed at a xenon
pressure of 267 Pa. The measured laser energy was 28 J, delivered by two laser

pulses separated by about 30 us. Figure 9 shows the diagnostic record. At this
low xenon pressure, the plasma shell bounces off the Inner tube, but there is
enough electrical energy to compress it again. Figures 7 and 9 both show that
the laser pulse follows the flash lamp output on the rising portion, but cuts
off much more sharply on the falling portion. This is because the gain falls
below threshold late in the pulse via chemical deactivation and ground state

buildup.

A set of traces that shows the multiple pinch effect perhaps more clearly
is shown in Figure 10. The double current dip and laser pulse are well pro-
nounced along with the voltage rise from the Increased impedance as the shell
collapses each time.

LU

C; 3

-200 -120 -40 40 120 200 280 360 440
TIME (Ls)

Figure 9. Diagnostic traces: Curve 1 - current; 2 - visible light;
3 - laser pulse.

12
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Figure 10. Diagnostic traces: Curve 1 - voltage; 2 - current;
3 - visible light; 4 - laser pulse.

Figure 11 shows the results from varying xenon pressure from shot to shot

at a bank voltage of 6 kV and CF3I pressure of 13,332 Pa. The flash lamp out-

put pulse length increases with xenon pressure.' The laser output energy is

relatively constant, except for a dip around 1200 Pa to 5 J. This pressure is

too high to dynamically pinch and is too low for very successful resistive

heating of the xenon plasma. Therefore, the initiation is diminished along

with the laser energy.

Increasing the CF3 1 pressure above 6666 Pa resulted in absorption of the

* .bulk of pump radiation in an annulus, as shown by the laser burn pattern results

of Figure 12. The UV absorption cross section for the CF31 molecule is shown

as a function of wavelength in Figure 13. An approximate average value for the

penetration depth is given by A - 1/sn 0 (1.33 x 104 Pa-cm). From Figure 12,it

13
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1
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0 80 160 240 320 400 480 560
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Figure 11. Visible light traces for various xenon pressures:
Curve 1 - 267 Pa, laser energy 22.9 J; Curve 2
800 Pa, laser energy 22.3 J; Curve 3 - 1067 Pa,
laser energy 25.2 J; Curve 4 - 1333 Pa, laser
energy 16.3 J; Curve 5 - 2000 Pa, laser energy
22.3 J; Curve 6 - 4000 Pa, laser energy 23.2 J;
Curve 7 - 6666 Pa, laser energy 18.6 J.
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is seen that laser power sufficient to burn Polaroid film occurs in an annulus

slightly thicker than x. The weak burning inside the annulus must be due to UV

radiation on the wings of the curve in Figure 13. Laser power can be increased

by increasing the amount of pump radiation or by shifting more pump energy to

the wings of the absorption curve.

a4

IC3 -

0t

200 250 300 350
X (M)

Figure 13. CF3I absorption band (Ref. 2).

The half-angle divergence of the laser was approximately 2 mrad. This was

measured by comparison of burn patterns at short range (Fig. 8) with burn

patterns at 6 m (Fig. 14).

Figure 14. Laser burn pattern at 6 m.
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The damage threshold of the resonator optics was determined qualitatively.

A 2.5-cm sample substrate was coated for maximum reflectivity at 1315 nm. Laser

pulses were focused by lenses onto the sample at increasing levels of fluence.

The focused beam was not very uniform, as shown by the burn pattern in Figure

15. The existence of hot spots implies that the damage threshold measured for

an average fluence level is a minimum value. At 5 J/cm 2 , no damage was visually
2

observed. At 7 J/cm , small pit marks were seen randomly across the exposed
2

coating area. At 10 J/cm , the coating was severely damaged throughout the

exposed area. The measurements were taken prior to a decision whether to

purchase coated or metal optics for a follow-on scaled-up iodine laser. For a

high-energy device, i.e., with fluences greater than 5 J/cm , metal optics are

the preferred choice.

Figure 15. Focused laser burn pattern.

A spectroscopic study was made of the radiation emitted in the pump band by

the flash lamp. A conical aluminum reflector was placed in the center of the

quartz laser tube, directing pump light axially toward a 0.25-m monochronator

(Fig. 16). A calibrated deuterium source provided standard intensities as a

function of wavelength (Fig. 17). The transmission spectral response of the

quartz tube was scanned through the pump band and found to be effectively unity.

The conical reflector was shown to be a point source of flash lamp radiation by

plotting PMT peak output voltage versus I/R2 , where R is the distance from the

reflector to the monochromator (Fig. 18).

17
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A scan of pump band light from 267-6666 Pa xenon was made at a monochromator
setting of 270 nm and an entrance slit opening of 0.3 mm. The results are shown

in Figure 19.

A scan of pump band radiation from 230 nm to 300 nm was performed in 5-nm

increments by opening the monochromator slits wide enough to pass a 5-nm band

centered at each recorded wavelength. The reflectivity of the cone and the

monochromator optics varies with wavelength and was taken into account in the

final results. Figure 20 shows the reflectivity of three points on the polished

flat rear of the cone, exhibiting both spatial and wavelength variations. The

wavelength dependence of the monochromator optics is shown by a scan of the

D2 source (Fig. 21). A comparison of Figures 17 and 21 reveals the monochroma-

tor optics response falloff at short wavelengths.

Folding in the wavelength dependent calibration factors, the normalized

results are shown in Figure 22, represented by the peak intensity values. The

two scans done at 800 Pa Xe were done sequentially to determine repeatability,

which was quite good. The scan at 4000 Pa Xe reveals higher integrated energy,

but less peak power. This is demonstrated by comparing Figures 23 and 24 which

show the diagnostic traces for the 800-Pa and 4000-Pa cases at a particular

wavelength, 255 rim, along with the respective integrated energies.

21
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Figure 19. Pump band flash lamp radiation for various xenon pressures:
Curve 1 - 267 Pa; Curve 2 -800 Pa; Curve 3 - 1333 Pa;
Curve 4 - 2000 Pa; Curve 5 -4000 Pa; Curve 6 - 6666 Pa.
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220 240 260 280 300 320
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Figure 20. Reflectivity versus wavelength for three points on
the conical reflector.
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Figure 21. D2 lamp intensity versus wavelength as measured
through the monochromator.
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Figure 22. Flash lamp intensity versus wavelength.

24



AFWL-TR-83-33

4.4 10

Is

2.5 w 52

S 2.5

1i.2 2

3 1
2

59.4 4

-1.2 .4

a 1"iS 240 326 466 460 0 is Ise 240 320 400 40

Till (ams) TIll (ps)

Is's
Is., Is

I I
I1

2.525



AFWL-TR-83-33

3.2 226

2.4 122

1.6

6
to

s a IIII I'M 326 466 491112
IU(03) 1 of 1111 246 20 406 4110

TIME (a

311 It-
~32. If-

24 -17

~26-

26



AFWL-TR-83-33

III. CONCLUSIONS AND RECOMMENDATIONS

4b rhe Z-pinch flash-initiated iodine laser is a workable device under quite

varied conditions. With high-pressure windows to allow increased CF31 and

diluent concentrations, laser energy could be easily increased with the exist-

ing electrical setup. Scaled-up versions of the laser could employ either low-

or high-pressure xenon flash lamps, depending on the desired pulse length.

A scaled-up version using existing copper resonator optics, quartz tubes,

and capacitors could be used to produce gas channel density gradients via laser

absorption. This would allow studies of electron beam propagation in dynami-

cally rarefied channels, although the gas would necessarily be some organic

molecule absorptive at 1.315 uim. Air,-ls transmissive at that wavelength.

Q-swltchlng could also be employed to generate high peak powers in order to
produce conductivity channels for electron beam experiments.
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